Background and aims: The present study aimed to compare mobile social network-based mindfulness training, along with acceptance and commitment therapy (ACT) and mindfulness therapy on self-management and glycated haemoglobin (HbA1c) level in patients with type 2 diabetes. Materials and Methods: The research employed a pretest-posttest control group quasi-experimental design with a three-month follow-up. Among type 2 diabetic patients who referred to diabetes treatment centers in Isfahan in the spring of 2018, 80 of them were purposefully selected based on inclusion criteria and then randomly assigned to three groups of the social network-based mindfulness intervention, ACT, and mindfulness training, along with a control group. Then, the summaries of Diabetes Self-care Activities questionnaire and glycated haemoglobin test were used to measure the dependent variables. The mindfulness interventions were conducted in the form of attendance in the training sessions. In addition, virtual network-based training and ACT were presented during eight 45-minute and 120-minute sessions, respectively. Finally, the data were analyzed using repeated measures of ANOVA with Bonferroni post-hoc test by SPSS software. Results: The findings indicated that in the self-management variable, there was a significant difference between social network-based mindfulness (posttest mean=30.59, follow-up mean=30.88, P = 0.004) and ACT (posttest mean=32.7, follow-up mean=32.29, P = 0.001) with the control group. Further, a significant difference was observed between ACT and mindfulness therapy regarding self-management (P = 0.04). In the HbA1c level, there was a significant difference only between social network-based mindfulness (mean in posttest and follow-up=7.44and 7.39, respectively, P = 0.02) and the control group. Conclusion: According to the findings of the present study, mobile social networks-based mindfulness interventions, along with ACT, are considered as effective treatments for diabetic patients to increase self-management while reducingHbA1c.
Introduction
Type 2 diabetes mellitus is an increasingly common chronic disease afflicting 171 million individuals in 2000. Based on the estimations, this number reaches 366 million people by 2030 (1) . Diabetes is a chronic illness that places a significant self-management burden on affected individuals and families. In this regard, health behaviors such as medication adherence, diet, physical activity, and blood glucose self-monitoring are important for achieving optimal glycemic control in diabetes (2) . Self-management is considered as one of the most important variables in controlling diseases, which is a set of learned, conscious, and purposeful behaviors performed by a patient and his/ her family in accordance with the objective situations of life. In fact, this is the patient who can select from among the clinical options offered by the healthcare team with respect to the context and culture of his/her life and control his/her illness most appropriately (3) . In addition, diabetes treatment generally involves self-management behaviors including daily insulin injections, drug use, glucose control, physical activity, and dietary habits (4) . Proper self-management is associated with a low level of A1c, reflecting a possible 37% reduction in diabetes-related complications (5) . The aim of the treatment is to create a level of glycosylated hemoglobin (HbA1c) that is as close to the normal level as possible and does not expose the patient to hypoglycemia (6) .
HbA1c test is a very common blood test which is effective in screening diabetics and shows how well patients are successful in controlling the diabetes (7) . The HbA1c or long-term glucose, which determines the amount of glucose within 8 to 12 weeks, is a standard for long-term blood glucose control (8) . Further, self-management is an active and practical process which is directed by the patient and includes specific activities for achieving the goals of managing the disease (9) . Similarly, self-management as an appropriate lifestyle intervention for patients with type 2 diabetes is successful in helping patients reduce fat intake, increase physical activity, and decrease obesity (10) . Chew et al emphasize that the effective management of diabetes by the treatment team and the community requires the psychology and knowledge of the relationship between encouragement and hope with the pursuit of health-related behaviors (11) .
Many studies offer good research protocols for the mindfulness interventions of diabetes mellitus, which seem to have a positive effect on all aspects of diabetes including its occurrence, control, and complications. The efficacy of acceptance and commitment therapy (ACT) has been observed in many psychological problems as to the quality of the life of patients with type 2 diabetes (12), but the need for regular practice is regarded as one of the main limitations of mindfulness and ACT interventions. In the past few years, one of the improvements in diabetes care is the widespread contribution of e-society in which people share practical experiences and mutual support for self-help (13) . Moreover, internet interventions for the management of type 2 diabetes have led to increased social support (14) , increased self-efficacy (15) , improved glycemic control (16) , and self-managed behaviors (17) , as well as reduced number of visits to hospitals and emergency rooms (18) .
The best diabetes self-management training programs on the Internet provide the concepts and content of diabetes disease, engagement, personal learning experiences, and self-assessment tools for monitoring and providing feedback (19) . Likewise, Internet interventions such as virtual environments provide access to concurrent and indirect diabetes education, along with skill-building and peer-topeer support activities. Vorderstrasse et al highlighted the impact of diabetes self-management education as the first step in this area and hoped to use an alternative internetbased model for teaching diabetes self-management (20) .
Considering that various psychological treatments are used for diabetes, this is the first time that, to the best of our knowledge, the psychological intervention of mindconsciousness is based on the mobile social network for diabetes. The present study sought to compare the effectiveness of mobile social network-based mindfulness intervention with ACT and mindfulness therapy on selfmanagement and HbA1c level among patients with type 2 diabetes.
Materials and Methods
In the first step, considering the validity of the content of the mobile social network-based mindfulness interventions, the research was of survey type and specialized validation. In the second step, the type of research was semi-experimental and the research design was a pre-test, post-test with a control group and a follow-up period of three months. The statistical research population consisted of two groups. The first group included experts in the field of cognitive-behavioral learning and mindfulness education in Isfahan, who determined the validity of the package of mobile social network-based mindfulness interventions. Additionally, the second group encompassed patients with type 2 diabetes who referred to Dr. Gharazi and Dr. Shariati hospitals in Isfahan during spring 2018.
The research sample contained two groups including six knowledgeable specialists in mindfulness training who were randomly sampled in the first group and diabetic patients who referred to diabetes clinics of Gharazi and Shariati hospitals in Isfahan. Their number was about 3500 at the time of the study. Based on the inclusion criteria, 80 people were intentionally selected and then randomly assigned to experimental and control groups. This sample number was recommended by approximately 15 people for experimental studies and by considering a possible dropout rate in the time of research execution (21) . The referrals were obtained and presented to Gharazi and Shariati hospitals for the presence of a researcher for collecting data, as well as for conducting a purposive sampling of patients with diabetes by taking the necessary measures. Next, the patients were selected through the installation of calls and invitations in the diabetes clinic of the hospitals and evaluated based on the inclusion and exclusion criteria, as well as their full awareness (obtaining informed consent) with observance to confidentiality and full respect for their health. To this end, the purposive random sampling technique was used based on the inclusion and exclusion criteria, in addition to taking into consideration the fully ethical and accepted procedures in scientific and academic references such as Tovote et al (22) and Kabat-Zinn (23) .
The participants were randomly assigned (lottery) to the mobile social network-based mindfulness intervention experimental (MSNBMI), ACT, mindfulness intervention (MI), and control groups, each containing 20 participants.
The research inclusion criteria were suffering from type 2 diabetes mellitus according to the diagnosis of diabetes, having reading and writing skills, having medical records at the Diabetes Clinics of Dr. Gharazi and Shariati Superspecialty hospitals, having knowledge of working with mobile social networks, and having a glycated haemoglobin level of at least 7.5%.
The exclusion criteria included being absent from interventions for more than two sessions, being dissatisfied with the continuation of the research, suffering from acute psychotic disorder based on clinical interviews, and receiving psychological therapy over the past three months.
According to the previous agreement with the group members, the experimental group of the mobile social network-based MIs all agreed to connect to the social network at 9 o'clock in the evening, which lasted 45 minutes a day except for holidays for 8 weeks. These interventions were performed using the mindfulness training package (23) , and the file was sent to the patients as text, audio, image, video, and animation. Then, the feedback and answers like in-person meetings were received but via the Telegram social network (Table 1 ). This training package was also used in the study by van Son et al for investigating the effectiveness of reducing anxiety in patients with diabetes (24) . The repeated measurement analysis process is presented in Figure 1 .
It should be noted that the treatment package (Table  1) was performed for the second experimental group in person.
As shown in Table 2 , the ACT experimental group (20 participants) received eight 120-minute ACT sessions using the ACT training program (25) . This training package was developed by Gregg and Hayes (2004) and used by Gregg et al (5) and Gregg (25) for diabetic patients.
Research Instruments 1. The HbA1c test: A blood sample that the laboratory takes from a person to examine his diabetes status. HbA1c shows the amount of glucose within 2 to 3 months before sampling. If blood glucose levels are higher than normal over the past few weeks (100), HbA1c levels will also be high (5) .
The summary of diabetes self-care activities measure: This scale, designed by Toobert et al, records the self-care activities of diabetes. It contains 11 items for assessing diabetes selfcare in five dietary areas (questions 1-4), physical activity (questions 5 and 6), blood glucose monitoring (questions 7 and 8), foot care (questions 9 and 10), and smoking (question 11) during the last week. This instrument employs an 8-point Likert-type scale ranging from 0 to 7. For questions 1 to 10, the numerical average (from 0 to 7) means the number of days that a patient has completed the required self-care activity and taken the appropriate score. For question 11, a score of 0 or 1 is given to the patient in Table 1 . A summary of mindfulness-based interventions
Sessions
Contents
Providing information on the mindfulness training and its definition, as well as an explanation regarding the reasons for the implementation of this training course for the participants. In addition, explaining how to plan for mindfulness exercises and incorporate these exercises into daily life, presenting daily notes about the mindfulness exercises, along with training and doing mindfulness exercises (how to sit on a chair, lying position, sitting in a cross-legged position, complete lotus mode, and hand position); 2.
Exercising attention to breathing. This exercise involves attention to breathing, and participants should not try to control their breathing behaviors. The mindful breath is considered as the awareness of each inhalation and exhalation 2 1. Doing mindfulness exercises; 2.
Doing body scan mindfulness exercise. This exercise takes about 45 minutes and is one of the formal mindfulness exercises. In this exercise, the participants are placed in a sleep state and pay attention to each body area with a special order. This exercise increases concentration and flexibility of attention in addition to focusing on the present moment 3
1.
Practising meditation in a sitting position. In this exercise, a sitting position can be performed on the chair or floor and a cushion. In this type of meditation, it is advisable to have a perfectly smooth spine so that consciousness is at its highest level. Furthermore, attention is paid to breathing, each inhalation and exhalation and following it instantaneously. This exercise takes about 30 minutes; 2.
Paying attention to breathing practice involves several options including sitting with breathing, as well as sitting with breathing and body as a whole. Exercising with sounds (in this exercise hearing the sounds without judgment about them), exercising sitting with thoughts and feelings (observing thoughts and feelings as they are) Reviewing and rehearsing the exercises of the previous sessions and discussing the present moment; 2.
Explaining the formal and informal mindful exercises 8 At this stage, according to the Kabat-Zein program, participants are allowed to evaluate the exercises they have done so far and select the exercises that are appropriate for themselves. In fact, the program provides their personal mindfulness whether they want to do formal or informal exercises or they want to practice using or not using guidance audio files. However, this session is the last one of the eight-week mindfulness program and the first session of each individual exercise in his/her life the case of not smoking or smoking, respectively. It should be noted that question 4 is inversely scored. Overall, the score shows the level of a patient's self-management (26). Toobert et al indicated that this questionnaire has high internal consistency and mentioned it as a valid indicator for self-management of diabetes (26) . The coefficient of internal consistency reported by the scale maker in the English and Spanish editions was 0.82 and 0.85, respectively. In the study by Nikoogoftar and Eshaghi, its Cronbach alpha coefficient was 0.65, while in the present study, its Cronbach alpha coefficient was 0.73.
Data Analysis
The repeated measures of ANOVA were employed for data analysis. Before performing repeated measures of ANOVA, the normality presumption of variables, the homogeneity of error variance, and sphericity were investigated through the Shapiro-Wilk, Levene's, and Mauchly's tests, respectively. These analyses were performed using SPSS software, version 23. The minimum and maximum acceptable significance levels in the present study were 0.05 and 0.001, respectively.
Results
In the social network-based MI group, 13 participants were female (76.5%) and 4 ones were male (23.5%). In the mindfulness therapy group, 12 participants were female (80%) and 3 of them were male (20%). As regards the ACT group, 11 participants were female (64.7%) and 6 of them were male (35.3%). Regarding the control group, 12 participants were female (75%) and 4 ones were male (25%). The results of the chi-square test showed that there was no significant difference between the four research groups in terms of age (χ 2 = 71.54, P = 0.092), education (χ 2 =5.64, P = 0.46), and gender (χ 2 = 1.101, P = 0.78). The results of the Shapiro-Wilk test in the pre-test (P = 0.64 & P = 0.08), post-test (P = 0.07 & P = 0.06), and followup (P = 0.1 & P = 0.26) stages also indicated a normal distribution of self-care and glycosylated hemoglobin (HbA1c). Based on the results of Levene's test, the error variances were homogenous in the four groups regarding self-care (P = 0.35) and HbA1c (P = 0.75). In contrast, the results of Mauchly's sphericity test demonstrated the significance of the test for self-care and HbA1c (P = 0.001 and P = 0.004, respectively). This means that sphericity assumption was not met for the implementation of the repeated measures of ANOVA, and therefore, instead of referring to the default sphericity row in the result table of this type of analysis, it is necessary to consider the next row (i.e., the row related to the Greenhouse-Geisser test). Investigating the mean and standard deviation of selfmanagement variable in the four groups in the pre-test, post-test, and follow-up stages revealed that this variable was higher in the three experimental groups compared with the control group, while the HbA1c level was lower in the three experimental groups as compared to the control group (Table 3) . The results of repeated measures of ANOVA indicated that the test factor (F=53.83, df=1.49, P < 0.01), the group factor (F=8.98, df=3, P < 0.01), and the interaction of the test and the group (F=2.83=2, df=1.48, P < 0.01) were significant respecting self-management. These results represent that there was a significant difference at least between two out of four groups regarding self-management in the post-test and follow-up stages. As regards the HbA1c level, the test factor (F=24.68, df=1.71, P < 0.01), group factor (F=3.41, df=3, P < 0.01), and the interaction of the test and group (F=7.72, df=5.14, P < 0.01) were significant as well. Based on the results, a significant difference was observed between at least two out of four groups with regard to the HbA1c level in the post-test and follow-up stages (Table 4) . Similarly, the Bonferroni post-hoc test was employed to determine the difference between each two groups. The results of the Bonferroni post hoc test regarding the selfmanagement variable showed that there was a significant difference between the social network-based mindfulness intervention and the control group (P = 0.004), as well as between the ACT group with mindfulness therapy (P = 0.04) and the control group (P = 0.001). However, no significant difference was found between the social networkbased mindfulness intervention with ACT (P > 0.99) and mindfulness therapy (P = 0.88), as well as between the mindfulness therapy and the control group (P = 0.28). Contrarily, there was a significant difference between the social network-based mindfulness intervention and the control group (P = 0.02) in terms of the HbA1c level. However, the results demonstrated no significant difference between the mindfulness therapy group (P = 0.72) and the ACT group (P = 0.11), as well as between the control and mindfulness therapy groups and the ACT group (P > 0.99).
Moreover, no significant difference was observed between the social network-based mindfulness intervention and the mindfulness therapy and ACT groups (P > 0.99);the details of which are provided in Table 5 .
Discussion
The aim of the present study was to investigate the effectiveness of the social network-based mindfulness interventions with group ACT and group mindfulness intervention on self-management and HbA1c level in patients with type 2 diabetes. Based on the results, there was a significant difference between the effectiveness of the social network-based mindfulness interventions, group ACT, and mindfulness therapy on the self-management of patients with type 2 diabetes. As regards self-care, a significant difference was also found between the social network-based mindfulness therapy group and the control group, as well as between the ACT group and mindfulness therapy group. There was a significant difference between the ACT group and the control group in terms of self-care as well.
Moreover, a significant difference was observed between the social network-based mindfulness therapy group and the control group, but there was no significant difference between the social network-based mindfulness therapy group and the ACT and mindfulness therapy groups. Therefore, there was only a significant difference between the social network-based mindfulness therapy group and the control group in terms of the HbA1c level. These results are consistent with part of the findings of Nikodfatar and Ishaqi (27) , in the study about the effectiveness of mindfulness training on self-care in women with type Note. HbA1c: glycosylated hemoglobin; ACT: acceptance and commitment therapy; SD: standard deviation. (29) that investigated the effectiveness of mindfulness-based intervention on physiology in improving blood glucose regulation in patients with diabetes. Considering these results, it can be concluded that ACT has six core processes including contacting the present moment, defusion, acceptance, self-as-context, values, and the committed action (30) , and the main goal is to create psychosocial flexibility and increase the ability of patients with diabetes to respond effectively to thoughts and feelings. Thus ACT is effective in the self-management of diabetic patients. Furthermore, mindfulness needs to grow three qualities of refraining from judgment, purposeful awareness, and focus on the present moment in the individual's attention, and concentration on the present moment results in processing all immediate empirical aspects including cognitive, physiological, or behavioral activities. By mindfulness-based exercises and techniques, one becomes aware of his/her daily activities and recognizes the automatic functioning of the mind in the past and future worlds. In addition, through moment to moment awareness of thoughts, emotions, and physical states, one controls them and abandons the daily and automated minds focused on the past and future (Rygh& Sanderson, 2004) . In this regard, social network-based mindfulness therapy has the benefits of virtual education as follows:
• The ability to store abundant information;
• The lack of anxiousness during training;
• The addition of new information to previous content;
• Access to information at any time;
• Use of practices with different colors, motions, and scenes, along with sounds and images which make learners' training more inclusive (31) .
Virtual networks play an important role in the overall impact of participation in diabetes care around the world to care for the health of diabetic patients. The active participation of the healthcare receiver and provider is a key aspect of the successful management of chronic diseases. This is especially important in managing diabetes, where many key activities are in the hands of the patient (32) . The effectiveness of mobile apps in the spirit of technology has been confirmed as a complementary tool in many psychotherapies (33). For instance, such apps can increase the independence of people with diabetes, increase self-management, make daily activities easier, increase their health states, enrich medical knowledge, make communication between sufferers be done more appropriately, and ultimately, increase their quality of life (34). In addition, in a meta-analysis conducted on the effectiveness of Internet-based mindfulness interventions, it was confirmed that this approach has the potential to help improve the mental health outcomes, especially stress (35) . Parsons et al investigated 43 studies on mindfulness interventions and found that participants did averagely 64% of home exercises, and thus indicated that this average can be increased by using the online system and daily pursuits (36) . In explaining the findings of the research, it can be concluded that emotional and psychological support increases in day-to-day sessions under the social network and the formation of the group. According to previous studies, patients in weekly sessions only make up about 64% of the exercises and recommendations, and therefore, daily exercises and recommendations are enhanced and followed up in daily sessions and will be tracked throughout the week. It seems that daily care increases the physical and mental activities that are associated with self-management behaviors of the patients and thus leads to more effectiveness in the social network-based mindfulness intervention. Further, depression is one of the complications associated with diabetes, which is observed in most diabetic patients and daily sessions prepare them for physical and psychological activity. In contrast, patients with depression do not have the required energy to perform exercises and recommendations in weekly sessions, which can lead to differences in the obtained results regarding the effectiveness of the groups.
Conclusion
Based on the findings of the current research, the mobile social network-based mindfulness interventions, along with ACT, are regarded as effective treatments for diabetic patients in order to increase self-management while reducing HbA1c. Therefore, medical centers and diabetes clinics are recommended to increase the level of selfmanagement and reduce the level of HbA1cby launching the mobile social network-based mindfulness training and ACT.
